This study was carried out to investigate the effect of neutropenia and thrombocytopenia on virologic response in cases with chronic hepatitis B virus (HBV) infection receiving treatment with pegylated interferon. Patients with chronic HBV infection treated with pegylated interferon were analyzed retrospectively. Patients with or without end-of-treatment and sustained virologic response were compared in terms of basic parameters and pre-treatment, and during treatment leukocyte, neutrophil and platelet counts. Sixty-two (62) cases with chronic HBV infection (47 male; mean age was 41 ± 10.91 years) were included in the study. The ratio of male gender, the ratio of previous standard interferon users and the percentage of cases with a platelet count of <100000/mm 3 at the end of the 3 rd month of treatment was higher in the group with end-of-treatment virologic response compared to non-responder (male gender was 33 (84.6%) and 14 (60.9%), p = 0.035; patients with previous standard interferon use were 13 (33.3%) and 2 (8.7%), p = 0.034; and patients with thrombocytopenia were 11 (28.2%) and 1 (4.3%), p = 0.024, respectively). Pre-treatment serum HBV DNA levels were lower in cases with end-oftreatment response compared to non-responders (p < 0.005). One patient (2.6%) with end-of-treatment response and 7 (30.4%) non-responders were hepatitis B virus "e" antigen (HBeAg)-positive (p = 0.003). The only independent predictor of end-of-treatment virologic response was previous standard interferon use (odds ratio 8.157, p = 0.048). There was no difference between groups with and without sustained virologic response in terms of evaluated variables. Cytopenia development during treatment did not affect pegylated interferon treatment response in our study. End-of-treatment response to treatment with pegylated interferon is enhanced in previous standard interferon users compared to treatment-naive patients.
INTRODUCTION
One of the current treatments of chronic hepatitis B virus (HBV) infection consists of treatment with pegylated interferon (Marcellin et al., 2005; Akarca, 2010) . Although *Corresponding author. E-mail: bceylan2004@yahoo.com. Tel: +90 507 231 0236. numerous adverse effects have been reported with interferon, hematologic toxicity represents particular clinical significance (Fried, 2002) . In the event of interferon-induced bone marrow suppression, reduction of dosage is recommended; however, lower doses also may reduce effectiveness of treatment (Fried, 2002) . Predictors of response to treatment of chronic HBV infection with interferon have been well defined in literature, and it has recently been suggested that cytopenia during treatment may be one of these variables (Marcellin et al., 2005; Thomas et al., 1991; Suwantarat et al., 2010; Turbide et al., 2008; Linday et al., 2008; Alvarez-Uria et al., 2010) . Although studies investigating the impact of cytopenia on response to treatment in cases with chronic hepatitis C virus (HCV) infection report contradictory results, the majority of these studies indicate a greater decline in neutrophil and platelet counts during the treatment in responders. The cytopenia effect of interferon and its antiviral effects are considered to be interrelated with interferon-induced changes in gene expression and therefore the smaller antiviral efficacy in cases with a less pronounced cytopenia. There exists no study evaluating the effect of the development of interferon-related cytopenia on response to treatment in cases with chronic HBV infection in the literature. The aim of this study was to investigate the impact of neutropenia and thrombocytopenia during treatment on end-of-treatment virologic response and sustained virologic response in cases with chronic hepatitis B infection treated with pegylated interferon.
MATERIALS AND METHODS
The medical records of patients receiving a 12-month of treatment with pegylated interferon for chronic HBV infection in our Chronic Hepatitis Outpatient Clinic between January, 2001 and January, 2010 were retrospectively evaluated.
Inclusion criteria
All of the following criteria had to be true for inclusion in the study: 1) Hepatitis B virus surface antigen (HBsAg) positivity for at least 6 months. 2) Pre-treatment HBV DNA positivity. 3) Twelve (12) months of monotherapy with pegylated interferon treatment. 4) The presence of end-of-treatment HBV DNA measurement. 5) The presence of serum leukocyte, neutrophil and platelet counts. pre-treatment, at the end of the 3 rd month of the treatment, and endof-treatment.
Exclusion criteria
The presence of any of the following was reason for exclusion from the study: 1) Active HCV infection, HIV infection, or hepatitis D virus (HDV) infection 2) Intravenous drug abuse 3) Malignancy 4) Pregnancy 5) Liver transplantation 6) Autoimmune hepatitis 7) Hemochromatosis 8) Lack of or incompletion of 12 months of treatment with pegylated interferon 9) Lack of serum leukocyte, neutrophil and platelet counts pretreatment, at the end of the 3 rd month of treatment, and end-oftreatment 10) Lack of end-of-treatment serum HBV DNA level measurements
Variables evaluated in the study
The variables are data pertaining to age at liver biopsy, gender, height, weight, alcohol use, Knodell score and fibrosis score at liver biopsy; previous treatment with standard interferon, total dose of previous standard interferon and the period between treatments with standard interferon and pegylated interferon; serum HBV DNA and alanine aminotransferase (ALT) levels; hepatitis B virus "e" antigen (HBeAg) positivity; total dose of pegylated interferon administered, pre-treatment and end of 3 rd and 12 th months of treatment: blood leukocyte, neutrophil and platelet counts were recorded from patient files. Cases included in the study were allocated into two groups according to end-of-treatment and sustained virologic response, and the groups were compared in terms of variables being evaluated.
Evaluation of liver histology
Liver biopsy specimens were evaluated according to the modified Knodell scoring system.
Alcohol use
All patients declaring alcohol use were considered positive for alcohol consumption regardless of the amount or duration of use.
Measurement of HBV DNA
Pre-treatment serum HBV DNA levels were measured by bDNA (branched DNA) signal amplification (Versant HBV DNA 3.0 Assay, Bayer Corp. Diagnostics, USA, detection range 2000-100000000 copies/ml) and reverse transcription polymerase chain reaction (RT-PCR) (1-Cobas TaqMan HBV test, Roche Diagnostics, France, detection range 30-110000000 IU/ml; 2-BioRad iCycler iQ system, Quiagen DNA isolation kit, Germany, detection range 20 IU/ml).
Definition of virologic response
End-of-treatment virologic response to treatment with pegylated interferon was defined as end-of-treatment HBV DNA negativity by PCR. Sustained virologic response was defined as HBV DNA negativity by PCR 1 year after the completion of treatment with pegylated interferon.
Determination of the total dose of pegylated interferon
The total intended dose of pegylated interferon over a 12-month period was acknowledged as 1.2 units, if the patient completed the course without dose reduction. The total interferon dose of cases was calculated based on that.
Calculation of the dose of previous standard interferon
The total dose of previous treatment with standard interferon was calculated in million units, regardless of the type of standard interferon used.
Evaluation of changes in serum leukocyte, neutrophil and platelet count during treatment
The decreases in blood leukocyte, neutrophil and platelet counts at 3 rd month and 12 th month of treatment were calculated. The number of patients with a blood leukocyte count <3000/mm 3 , neutrophil count < 2500/mm 3 and platelet count <100000/mm 3 at 3 rd and 12 th months of treatment were computed.
Statistics
The SPSS-17 (SPSS Inc., Chicago, IL) statistics program was used in the evaluation of data. Continuous variables without normal distribution were expressed as median and range; continuous variables with normal distribution as mean ± standard deviation, and categorical variables as number and percentage of cases. In the comparison of patient groups with and without virologic response, the Student t-test was used for continuous variables with normal distribution, the Mann Whitney U-test for continuous variables without normal distribution, and the χ 2 test for categorical variables. The logistic regression analysis was used in the multivariate comparison of the two patient groups. The two-way analysis was used in all statistical tests. A statistical significance level of p < 0.05 was accepted.
An ethics committee approval was not obtained because of the retrospective nature of the study.
RESULTS
We evaluated 377 chronic hepatitis cases that were previously treated with pegylated interferon. Only 62 of the patients met the study criteria, 47 of them were male and 15 were female and the average age was 41 ± 10.91. Peginterferon alfa-2a (180 µg subcutaneously, once weekly) was used in 42 cases (67.7%) and peginterferon alfa-2b (1.5 µg/kg subcutaneously, once weekly) was used in 20 cases (32.3%). 15 (24.2%) of the patients had lower doses than planned. Eight patients were HBeAg-positive. The general characteristics of patients are shown in Table 1 .
The post-treatment HBeAg status had been evaluated in only 5 of the 8 HBeAg-positive patients, and 3 (60%) of these 5 had achieved HBeAg seroconversion. Only 1 of the 3 patients with HBeAg seroconversion showed endof-treatment virologic response. End-of-treatment virologic response was achieved in 39 (62.9%) patients, while 23 (37.1%) were non-responders. Comparative data between the two patient groups with and without end-of-treatment virologic response are shown in Tables  2, 3 and 4. 33 (84.6%) of the 39 patients with virologic response to treatment, and 14 (60.9%) of the 23 nonresponders were male (p = 0.035). Mean pre-treatment serum HBV DNA levels were 176000 IU/ml (ranges between: 230 to 110000000) in end-of-treatment responders, and 20300000 IU/ml (ranges between: 82000 to 110000000) in non-responders (p < 0.005). Only 1 patient (2.6%) with end-of-treatment viral response was HBeAg-positive, while 7 non-responders (30.4%) demonstrated HBeAg positivity (p = 0.003). Thirteen (13) responders (33.3%) and 2 non-responders Ceylan et al. 6713 (8.7%) had received previous treatment with standard interferon (p = 0.034). There was no difference between the responder and non-responder groups in terms of pretreatment leukocyte, neutrophil and platelet counts or a reduction in these counts at 3 rd and 12 th months of treatment in comparison with pre-treatment levels (Table  3) . At the end of the 3 rd month of treatment, platelet count of <100000/mm 3 was detected in 11 (28.2%) responders and 1 (4.3%) non-responder (p = 0.024).
The results of the logistic regression analysis of independent predictors of end-of-treatment virologic response are shown in Table 5 . Multivariate analyses revealed only the independent variable with an impact on end-of-treatment virologic response to be previous treatment with standard interferon (Odds ratio 8.158, p = 0.048).
HBV DNA measurements had been performed in 57 of the total 62 patients included in the study at the end of 12 th month after completion of treatment. Of these 57 patients, 14 (24.6%) had achieved sustained virologic response, while 43 (75.4%) were non-responders. Mean pre-treatment HBV DNA level was 83.5 (1.84 to 110000) (×1000 IU/ml) in patients with sustained virologic response, and 1390 (32.5 to 100000) (×1000 IU/ml) in non-responders (p = 0.08). There was no difference between the two groups in terms of basic variables or pre-treatment blood leukocyte, platelet and neutrophil counts and changes in these counts at the 3 rd and 12 th months of treatment (Table 6 ) (Values relating to blood cells are not included in Table 6 ).
DISCUSSION
Variables such as being of Asian descent, infection during childhood, male gender, immunosuppression, HBeAg negativity, low serum ALT levels, infection with genotype D HBV, high serum HBV DNA levels and mild inflammation at liver biopsy have been indicated as predictors of poor response to interferon treatment in patients with chronic HBV infection (Marcellin et al., 2005; Thomas et al., 1991; Buster et al., 2009; Wu et al., 2009; Hansen et al., 2010; Wong and Chan, 2009; Zhong et al., 2008) . In our study, although end-of-treatment response was poorer in female patients with high pretreatment serum HBV DNA levels, HBeAg positivity and no previous treatment with standard interferon, previous standard interferon use was determined as the only independent predictor of response to treatment. The discrepancies among studies investigating variables predictive of response to treatment in chronic HBV infection are due to deficiencies in our understanding of the mechanism of action of interferon in the treatment of chronic HBV infection. Besides virus-related factors such as HBV genotype, host-related factors such as differences in interferon-related gene expression are considered to have a significant impact on response to treatment (Chen et al., 2005; Taylor et al., 2007) . Gene expression studies have demonstrated apparent distinctions between patients with chronic HCV infection with and without sustained response to treatment in terms of genes with increased or decreased expression with interferon (Chen et al., 2005; Taylor et al., 2007) . We attribute discrepancies between various studies to the failure of including interferon-responsive genes among variables that have an impact on response to treatment. The systemic effects of interferon such as cytopenia, depression and loss of weight, and its antiviral affects are considered to be interrelated with interferon-induced changes in gene expression (5 to 8). We aimed to incorporate genetic factors, the most important hostrelated factor, as a variable influencing response to treatment by including cytopenia, a systemic effect of interferon, among the variables investigated. We encountered four previous studies investigating the effect of interferon-related cytopenia on response to treatment in chronic HCV infection, but none conducted in the chronic HBV infection setting (Suwantarat et al., 2010; Turbide et al., 2008; Linday et al., 2008; Alvarez-Uria et al., 2010) . Our study is the first in this regard. A study on 111 patients with chronic HCV infection receiving 48 weeks treatment with standard interferon plus ribavirin demonstrated a greater decline in blood leukocyte count during the 2 nd week of treatment and in blood neutrophil count during the 2 nd and 4 th weeks of treatment in the patient group who did not achieve sustained virologic response (Turbide et al., 2008) . There was no difference between patient groups in terms of platelet count during treatment. It has been suggested that in patients with chronic HCV infection, neutrophils comprise the location of conservation and replication for HCV, that patients with a high HCV RNA load within neutrophils demonstrate a greater decline in neutrophil count with interferon treatment, and that the high HCV RNA load causes poorer response to treatment. As opposed to the early phase (2 nd and 4 th weeks) of treatment in this study, we evaluated neutrophil and leukocyte counts in later phases (3 rd and 12 th months) of treatment. Even if statistically insignificant, the drop in neutrophil counts at the 3 rd month of treatment was less pronounced in patients with sustained virologic response compared to nonresponders. It has been suggested that in patients with chronic HCV infection undergoing treatment with pegylated interferon and ribavirin, a decline in blood leukocyte, neutrophil and platelet counts indicate better response to treatment (Suwantarat et al., 2010; Linday et al., 2008; Alvarez-Uria et al., 2010) . Although we did not find any difference in neutrophil and leukocyte counts during treatment, a serum platelet count of <100000/mm 3 in 3 months of treatment was more common in the patient group with end-of-treatment virologic response compared with nonresponders, albeit without significance in the multivariate analysis. We attribute this to the small number of patients included in our study.
We found previous standard interferon use to be correlated with an increased end-of-treatment virologic response to pegylated interferon. Previous studies have reported 18.4 to 36.9% end-of-treatment or posttreatment virologic response with a second course of standard interferon following relapse or non-response with previous standard interferon treatment Ruiz-Moreno, 1995; Liu et al., 2007) . In a study conducted on non-responders to the first course of treatment with standard interferon that were treated with pegylated interferon and monitored for 26 weeks following treatment, virologic response was 35% at the end of the follow-up period (Flink et al., 2006) . Similarly, we found end-of-treatment virologic response was 33.3% with pegylated interferon treatment in patients who received previous therapy with standard interferon. We considered the better treatment response was with pegylated interferon treatment in the presence of previous use of standard interferon to the continuing effects of interferon. The previously reported ongoing beneficial effects of interferon in chronic HBV infection during the follow-up period have been justified with the following theories:
1) The diminishing antiviral T-cell response to wild type HBV by mutant T-cell epitopes in the precore/core region and the amendment of T-cell response to the virus due to the reduction of these mutants by interferon (Marinos et al., 1996) .
2) The impairment of T-cell response due to high serum HBV DNA levels and the reduction in HBV DNA levels by interferon resulting in enhanced T-cell activity (Chisari et al., 1995; Bertoletti et al., 1994) .
3) The stimulation of virus-specific response by the immunomodulatory effect of interferon (Papatheodoridis et al., 2001; van Zonneveld et al., 2004) . Regarding the post-treatment effects of interferon; despite a lack of difference between interferon and placebo or lamivudine usage in terms of end-of-treatment virologic response, pegylated interferon gave better results in the long-term follow-up after treatment (Carreno et al., 1999; Marcellin et al., 2009; Lın et al., 1999) . Furthermore, in support of the long-term effects of interferon treatment, biochemical response and HBeAg seroconversion were improved at 24 weeks after completion of interferon treatment compared to end-oftreatment results (Caruntu et al., 2009 ). However, the long-term effects of interferon are controversial due to studies reporting no difference with or without interferon treatment in terms of virologic response during long-term follow-up (Truong et al., 2005; Hsu et al., 2008) .
Previous studies have indicated that relapses generally occur during the first year following treatment with pegylated interferon, and thus, we selected the end of the first year post-treatment for the evaluation of sustained virologic response (Brunetto et al., 2003) . We found pretreatment HBV DNA levels to be lower, though not with statistical significance, in responders compared with nonresponders at the end of the first year following treatment. We attribute the lack of any difference between responders and non-responders at the end of the first year post-treatment in terms of variables with an established impact on response to treatment to the insufficient number of patients evaluated.
The results of this study indicate that a declining platelet or neutrophil count during treatment with pegylated interferon has no impact on response to treatment in cases with chronic HBV infection, and endof-treatment response to treatment with pegylated interferon is enhanced in previous standard interferon users compared to treatment-naive patients.
